This paper investigates the issue of food security as the basis for stable economic development using the example of North Africa. A statistical analysis of economic and financial factors in relation to the determinants of food security was carried out using a panel cointegrating 
Introduction
One of the important goals of humanity is the sustainable development of society 4 . This is difficult to imagine without progress in the eradication of hunger and malnutrition. Despite the fact that enough food is produced in the world to feed everyone, the Food and Agriculture Organization The structure of the paper is as follows. Section 2 provides a literature review. Section 3 contains the main research hypotheses. Section 4 describes the data, descriptive statistics and methodology used in the study. Section 5 presents the test and regression analysis results. The paper ends with a discussion and conclusions in the sixth section.
2 Literature review
Factors of Food Security
The key factors in the formation of food security are not obvious. The stabilization of food security is possible in different ways, which are determined by the socio-economic situation in the country. In the literature on food security different concepts to explain the determinants of food security are stressed (Craig, Scanlan, 2001) : modernization, economic dependency, urban bias, neoMalthusian population pressure, ecological evolutionary processes, militarism and others.
In modernization theory internal sources of economic development play an important role.
Domestic investment and the development of education are a reliable basis for industrialization and the cultural transformation of society, which leads to economic growth and the creation of stronger institutions, contributing to improve the overall welfare of the population. Strong political institutions, and the democratization of society contributes to economic and social development, inhibits corruption, encourages the growth of public investment in nutrition, education and health, provides political stability, improves the quality of life, all of which significantly affects food security (Safaei, 2006) . Some authors (Inkeles, Smith, 1974; Barro, 1991) suggest that investment in human capital, raising the education level, improves the quality of the labour force. An educated labour force is also an important component of economic growth. Economic development, industrialization, education, and urbanization can improve the quality of life, and economic growth has a positive effect on the food supply, infant survival, and adult longevity in general. According to modernization theory, the inflow of foreign capital and technology contribute to economic growth, increase the incomes of all groups of people, and as a result, reduce the risk of hunger in the country and increase the potential of food security (Shen, Williamson 1997; Firebaugh, Beck 1994; Scanlan, 2004) .
In economic dependency theory international trade and foreign investment have a negative impact on social security. Studies have shown that export dependence reduces economic growth and the quality of life, the total food supply, and contributes to child mortality (Wickrama, 1996) .
Foreign investment has a negative effect on food security for several reasons. Multinational corporations repatriate most of their profits and prevent the formation of domestic firms, which leads to a reduction of domestic economic growth. Foreign investment is largely focused on advanced technology and the creation of a smaller number of jobs, although highly paid, which contributes to the inequality of income, and poverty. Foreign investment is mainly concentrated in exporting industries and has weak links with the internal market, which also has a negative impact on domestic production. In the short-term foreign investment flows can create economic growth, but the long-term effects of the penetration of foreign capital is negative (Mihalache-O'keef, Quan, 2011) .
In urban bias theory the political power of urban elites is a key element. It directs resources to the cities, which leads to an imbalance in the income of urban and rural populations, slows economic growth, and reduces the quality of life (Breedlove, Armer, 1997) . All these phenomena degrade food security conditions.
According to neo-Malthusian population pressure, rapid population growth leads to environmental "extremes" in terms of over-cultivation, the use of excess fertilizers, deforestation, land degradation which may ultimately undermine food security (Urdal, 2005) . However, neoMalthusian population pressure concerns rapid population growth in countries with low food security. In general, the growth of the country's population can be accompanied by positive trends in food security indicators. So the necessity to provide the population with food requires the development of agricultural production and technology, and the creation of additional employment.
It can promote economic growth and improve the situation with food. Ghana is an example in which there was an increase in the population in 1990-2016 from 15 to 27 million people. At the same time, the growth of the population of the country was accompanied by the development of agriculture, economic growth and the improvement of the situation with food security 7 .
In ecological-evolutionary theories the traditional way of ploughing agricultural land, and its high density contributed to rapid industrialization and improved the welfare of the population (Crenshaw, Ameen, 1993) . The development of agriculture is an important component of food security.
In the concept of militarism military conflicts, political repression, and international arms races led to a decrease of public investment in the basic needs of the population (nutrition, health, education), reducing the aggregate food supply. All this increases the risks of food security and child hunger (Austin, McKinney, 2012) .
These concepts of food security are reflected in the research related to Africa. To solve the problems of food security in Africa FAO experts have identified some important factors: economic growth, increased agricultural productivity, the development of international trade, social protection and a strengthening of the financial system 8 . Agriculture in Africa has a key role in the economy and is a significant proportion of GDP, employment and trade. Skoet (2004) , Christiaensen, Demery, Kuhl (2011) show that the growth of agricultural production in Africa is more effective in reducing extreme poverty compared to the growth in non-agricultural sectors. Asuming-Brempong (2003) illustrate with the example of Ghana that the institutional reforms and the investments carried out in on the eradication of poverty and hunger is ambiguous and that the role of globalization of the financial system is increasing. Existing concepts allow us to propose a series of assumptions regarding the factors influencing food security in the countries of North Africa, which is discussed further in the hypothesis section, and tested in the present paper.
Problems of methodology
In the last decade problems of food security have been actively explored and significant results have been obtained, especially by FAO. Only in a few works, however, is panel data analysis used as an econometric tool for the full sample of developing countries (Jenkins, Scanlan, 2001; Mihalache-O'keef, Quan, 2011; Austin, McKinney, 2012) . If regional comparisons are made, for example, in the Africa regions, where the number of countries in the sample is limited, the analysis of the panel data has a number of estimation problems. Phillips, Moon (2000) and Im, Pesaran (2003) , identify two key problems of using fixed-effects or random-effects estimators with panel time-series datasets: the need for slope coefficients to be heterogeneous and the concern of nonstationarity. In our work we develop a methodology of statistical research of food security, 8 The State of Food Insecurity in the World, 2015 (FAO). Available at: http://www.fao.org/3/a-i4646e.pdf 9 in place cited taking into account existing FAO data and use panel cointegration (Hamilton, 1994) as an econometric tool. This approach will be described in more detail in the methodology section.
In most of the studies in the literature review, the authors analyse the possible factors influencing food security in a single country in one year. When using panel data (several countries, several years), the main conclusions also emphasize the influence of this or that factor. The analysis of trends, the ability to manage these trends, and an analysis of relationships over the long-term were not considered. Our approach is based on panel cointegration allowing such analyses. This approach is an extension of standard panel analysis, which allows the analysis of long-run dynamics.
This analysis, the comparison of short-run and long-run relationships, the conclusions regarding reactions to shocks and the analysis of damping periods contributes to field.
How to measure food security
According to FAO 10 food security is determined by the conditions when "all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food which meets their dietary needs and food preferences for an active and healthy life". Food security issues are particularly acute in developing countries, where there are still large numbers of hungry people.
Malnutrition is defined as "a condition characterized by the inability to obtain a sufficient amount of food, defined as a level of food consumption that is insufficient to meet dietary energy requirements and lasting at least one year". Hunger and chronic malnutrition are used as synonyms. However, the proportion of undernourished people is just one dimension of food security. For a comprehensive assessment of food security in the countries of the world since 1996, FAO is using a set of 30 indicators which are classified according to four dimensions: availability, access, utilization and stability 11 .
The indicators of availability describe production volumes and productivity, inventory levels and losses, access covers economic opportunity to purchase food and transport (the percentage of paved roads, the density of the total road network, GDP per capita, and others.). Utilization assesses the consumption of products in terms of nutritional value standards for calories, protein, micronutrients, and stability characterizes the situation with enough food in the country in different periods (cereal import dependency ratio; the volatility of food prices in the country, etc. The full list of food security indicators used by FAO, is given in Appendix 1. According to FAO, in North Africa it was able to quickly make progress in overcoming hunger, and in countries in sub-Saharan Africa, progress has been very slow. Despite the declining share of hungry people and the increasing energy value of food, a number of problems associated with the quality of the diet remain. In the countries of South Asia and sub-Saharan Africa, for example, the phenomenon of hidden hunger can occur when, due to the lack of or inadequate consumption of nutrients various manifestations of malnutrition appear (such as anaemia, vitamin A deficiency, low body weight among children). That is why it is important to study and measure food security in different directions.
The empirical research on the problems of food security usually uses different indicators as a measure of food security. These include the average daily calorie consumption per capita; the percentage of infants weighing less than 2500 grams at birth; the proportion of food consumed containing starch (Poleman (1997) ), daily per capita energy consumption and daily per capita protein consumption (Jenkins, Scanlan (2001) , Mihalache-O'keef, Quan (2011)), the percentage of undernourished (Austin, McKinney (2012) ). Thus, there is no consensus today among researchers, which indicator is best used as a measure of food security. In our study, the cereal import dependency ratio (CIDR) was selected as a measure of food security. Justification for this choice will be given in the results section.
Hypotheses
In this section, the hypotheses regarding food security factors are formulated. The proposed hypotheses are based on the theoretical concepts presented in the literature review and on the study of the current socio-economic situation in the countries of North Africa.
Hypothesis 1. Agriculture and population. An increasing growth rate in agricultural production and a reduction in demographic population growth is accompanied by an improvement of food security.
This hypothesis follows from the theories of neo-Malthusian population pressure and ecological evolutionary processes. However, reverse general trends are possible. The growing population requires increasing food, which is accompanied by the development of agriculture and leads to economic growth and improvement of the situation with food security (as in, for example, Ghana).
Hypothesis 2. International trade.
There is a long-term stable trend between international trade flows and food security indicators, however, in the short-term, it is ambiguous and cannot be estimated definitely.
The development of trade has a positive effect on food supply in a country. However, a negative effect on food security is associated with the uncertainty of external trade flows. It can lead to food shortages in the future and jumps in food prices, a decline of domestic food markets, and an increase in the country's economic dependence on food imports.
Hypothesis 3. FDI. FDI and food security have potential general trend.
However, this effect is ambiguous. The two theories discussed in the literature review section on effect of FDI on food security (modernization and economic dependency) give conflicting conclusions.
Hypothesis 4. The financial system. There is a strong long-term relationship between financial system indicators and food security. The weak development of the banking and finance system corresponds to a low potential of food security. The globalization of the financial system is accompanied by an exacerbation of food security risks.
The financial system is important in the context of food security. Terms of investment and financing, loans, food distribution, etc. all require well-developed financial institutions. A highest rates (over 90%) and Egypt the lowest (less than 40%). This has a negative impact on food security. On the whole, positive dynamics are observed both in the quality and quantity of diets.
Data and methodology

Data
This suggests that measures to improve food security in North Africa are effective and this experience is useful for the study.
Following the World Bank's methodology 15 the financial system characteristics of the Global Financial Development Database 16 were divided into four groups:
-depth (the size of financial institutions and markets);
-access (the degree to which individuals can and do use financial services);
-the efficiency and stability of financial institutions (banks and nonbank financial institutions);
-financial markets (stock market, bond market, and other markets).
The analysis of the relationships between food security and the activities of banking and financial institutions are also based on the World Bank's methodology, focused on long-term investment strategies in Africa. 
Methodology
As noted in Section 2.2, to check the hypotheses we used panel cointegration, which is based on the determination of long-term relationship of nonstationary random processes, stationary in the first differences (I(1) processes). This approach was implemented in several stages.
Stage 1. Panel unit-root test.
Initially, the nonstationary process had to be determined. At the first stage, for each indicator panel unit-root tests were carried out at 10% significance level. The results of the tests give the basis for cointegration analysis, which requires variables of the same order to be integrated. We considered five tests: the Levin-Lin-Chu unit-root test (LLC) (Levin, Lin, Chu, 2002) , the Breitung unit-root test (Breitung, 2000; Breitung, Das, 2005) , the Im-Pesaran-Shin unit-root test (IPS) (Im, Pesaran, Shin, 2003) , Fisher-type unit-root tests based on augmented Dickey-Fuller tests (ADF-Fisher) and based on Phillips-Perron tests (PP-Fisher) (Choi, 2001 ), all three modifications (with a constant, trend, constant and trend). All tests have as the null hypothesis that all the panels contain a unit root. The decision about the stationarity was accepted, if the hypothesis of a unit root was rejected at 10% level for all modifications for three or more statistics.
For conflicting testing results, priority was given to group average statistics in favour of the reliability of the conclusion.
Stage 2. Panel cointegration test.
To further explore the long-run relationship between indicators, the existence of cointegrating relationships between time series must first be determined.
At the second stage Pedroni cointegration tests were carried out for a time series that were the realization of I(1). Pedroni (1999 Pedroni ( , 2004 The evaluation of the parameters for cointegrating equations was carried out using Dynamic Ordinary Least Squares (DOLS) (Kao, 2000) with automatic selection of the auxiliary lags number of 1it y applying Schwarz criterion. Standard errors were calculated using the New-West formula adjusted for heteroscedasticity and autocorrelation 17 .
Stage 4. Short-run cointegrating relation. The final step was the estimation of the shortrun relation based on the error correction model using panel data in the form of the equation (2). 
is a regression error. The estimation of the short-term relation parameters was carried out according to a method of Panel Least Squares, followed by residuals diagnostics. The residuals of the model were checked for autocorrelation with the Wooldridge test for serial correlation in panel data (Wooldridge, 2002) . To test the residuals for normality, a panel test was used, which extends the classical Bera-Jarque normality test for panel data (Galvao, 2013 ) . The test results indicated the adequacy of obtained models.
Results
This section presents the results and discussion of various estimation processes.
Panel unit-root tests
Different types of unit root tests, described in section 4, were used to determine the stationarity level of the data series. Table 2 shows test results (statistics and P-value) for CIDR in the countries of North Africa considering the individual effects. The results in Table 2 indicate that the null hypothesis of the unit root cannot be rejected for CIDR at 1% significance level in three out of four tests, and the null hypothesis is rejected for the index ΔCIDR (in first differences) at 1% significance level in all tests. These results allow us to conclude that the CIDR is the realization of a nonstationary process, integrated of the first order. The results of the unit root testing of all indicators are given in Appendix 2 (column "stationarity"). All indicators of food security and most of the other variables selected for analysis were nonstationary, integrated of the first order I(1). This result indicates that the processes are in development, which should contribute to progress in improving the lives of the poor.
Panel cointegration test
Pedroni tests are used to determine the cointegrating relationships between time series, which are necessary for further study of long-term dependency. In Table 3 the results of the Pedroni cointegration tests for CIDR and net per capita production index number (PINC) are shown. analysed. An analysis of the table of cointegrating relations in Appendix 2 also produced an important conclusion regarding which index to select as the proxy of food security. These calculations revealed the interaction distribution of the indicators and identified those which accumulate the highest number of connections, and can be used as integral indicators in further analysis. According to the Pedroni cointegration test results the CIDR had the largest number of connections with the economic characteristics and, therefore, it was selected as the integral indicator of food security.
Long-run and short-run relationships
Having established the existence of cointegrating relationships between CIDR and PINC, as well as other indicators according to the hypotheses, we can proceed to the estimation of the longrun and short-run relationships in the form of equations (1) and (2) -0.6301*** Note 1. *Indicate the p-value is significant at 10% (p<0.1), **Indicate the p-value is significant at 5% (p<0.05); ***Indicate the p-value is significant at 1% (p<0.01).
Note 2. Number of observations for all models is 92 for the period 1992-2010. Limited sample is associated with missing data in CIDR.
Conclusions for each hypothesis will be formulated separately. Hypothesis 1. At 1% significance level the hypothesis of the presence of a long-term trend for demographic factors and CIDR is not rejected. CIDR increases with the population which is a negative trend for food security. In the short term such a relationship is not apparent. At the same level of significance, we can conclude that the growth rate of agricultural production in the region is accompanied by a stabilization of food security (the negative sign of the coefficient indicates a decline of CIDR). The coefficient at ECM is significant at 1% level and has the correct sign (in the case of cointegration, negative), which indicates that the adjustment of CIDR in its deviation from the equilibrium trajectory takes place after about 1 year and a quarter (1/0.7902).
Hypothesis 2. The hypothesis of the existence of long-term equilibrium between import (export) and CIDR is not rejected at 1% significance level. With the growth of CIDR, export growth falls. Given that imports and exports grow in the region, these calculations indicate the need for a global measure for restructuring foreign trade. The insignificance of ECM estimates corresponds to the assumption of the ambiguity in short-term relationships.
Hypothesis 3. The hypothesis of the long-term relationship between CIDR and FDI is not rejected at 5% significance level. CIDR increases in the long-term with an increase in FDI. This effect can be considered as negative, because the state of food security is deteriorating and the theory of economic dependence is confirmed. Considering the short-term effects, the results show that the changes in FDI in the short term are not significant. Based on the estimates of model parameters for the food security indicator impulse response functions were calculated (Fig. 2) . It allows an assessment of the impact of a single error change (shock) at a rate of one standard deviation and characterizes the mechanisms of short-term adjustments to the equilibrium state. there is a loss of reaction (to zero). After 5-6 years an indicator reduction is observed which in the context of food security is a positive effect because it slightly decreases CIDR. The opposite reaction is observed in response to shocks of FDI outflows. In this case, the CIDR increases gradually in 6-7 years by an average of 1.6% and then remains at the new, higher level. These results confirm the long duration of the analysed processes. The detection of the long-term effects of FDI indicates that investments will only be seen as significant over the long-term. This fact also points to the necessity of improving the investment policy and to raise the role of domestic assets. Therefore, the hypothesis that the globalization of the financial system exacerbates the food security problems is confirmed.
Conclusion
Food security is the basis of economic and political stability of any country. In the present study the relationships between food security and economic and financial indicators were analysed using the example of North Africa.
It was found that for this region the development of domestic production in agriculture plays an important role in enhancing food security potential. It was shown that CIDR increases over the long-term with the development of demographic factors, labour productivity, the import flows of agricultural products, FDI and financial system globalization. Export flows of agricultural products, the solvency and sustainability of the banking system have the opposite effect. The study also revealed that in the short-term the relationship between the factors mentioned above is ambiguous.
Therefore the strategy of the long-term investment policy pursued by the World Bank and FAO to combat hunger and poverty is justified.
The results of this research can be applied in statistical methodology for the monitoring economic policy in Africa in the sustainable development framework. The analysis proved the main advantage of using econometric tools, based on panel cointegration to obtain statistically reliable conclusions about the identified patterns and to conduct a thorough comparative analysis of similar results in other regions of Africa. * Pedroni cointegration tests: 7 tests was conducted. In the table the maximum number of statistics are indicated for which Null hypothesis of no cointegration is rejected at 10% significance level.
